SUMMARY Although Doppler colour flow mapping may considerably reduce the need for conventional pulsed Doppler examination, quantitative flow measurements (particularly by continuous wave Doppler) are still essential in the evaluation of many conditions such as aortic stenosis. Doppler colour flow mapping is an important addition to the accurate non-invasive evaluation of several haemodynamic disorders of the heart and, as the technology improves, the range ofapplications will undoubtedly increase. Any technique that provides additional diagnostic information, makes an examination easier and quicker to perform, and at the same time provides data in a more comprehensible format has surely found a niche.
Since commercial colour flow mapping became available early in 1984, many have questioned its additional value over existing conventional Doppler echocardiography techniques. This scepticism has been fuelled by the knowledge that, unlike conventional echo and Doppler technology which evolved in university research departments, colour flow mapping was mainly developed by manufacturers before its likely clinical benefit was known.
Colour flow mapping adds approximately £30,000 to the cost of an echo/Doppler instrument-the price of a small, conventional echo machine. The undoubted visual appeal of colour flow mapping must not be allowed to overshadow a consideration of its cost effectiveness.
The technology
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ultrasound recording enabling flow to be temporally correlated with mechanical intracardiac events. By convention, blood flow away from the transducer is coloured blue with an increase in brightness or change in hue for the higher velocities. Flow towards the transducer is displayed as red with higher velocities being registered by increasing brightness or changing hue through to yellow. The exact colour system depends both on the map selected and the instrument used.
The technique uses a modification of pulsed Doppler technology-autocorrelation-to acquire data on mean blood velocity and direction down a selected number of image scan lines.' The number of data points or sample volumes on each line, and hence the axial resolution of the instrument, can vary from under 100 to over 400 depending on the manufacturer. Figure 1 shows the autocorrelation principle.
Each line of Doppler data must be sampled several consecutive times to obtain data on flow and an image that are reliable. It is impossible to do this for each of the 100 or so lines in an image, to perform up to 400 flow calculations per line, and still achieve a frame rate which will produce a diagnostic moving image. This is a particular difficulty in infants and children in whom the heart rate may be very high. To achieve a compromise on the number of scan lines used for colour flow data, the width or sector angle of the 134 colour image may be reduced to approximately 300 or 450 and flow data can be collected on alternate scan lines. Inevitably, this reduces the spatial resolution.
Ultra high-speed microprocessors have improved the processing speed of the flow calculations so that frame rates of, for example, 14 Hz at 16 cm over a 450 colour flow sector arc are now obtainable. Most conventional cross sectional images are displayed at 30 Hz over a 900 sector arc-more than double the colour flow frame rate. Again, some manufacturers have been more successful in achieving acceptable frame rates than others and this is an important factor in evaluating equipment. Low frame rates are distracting, causing flicker in a real time image so that important information may be missed.
Some manufacturers have incorporated a digital cine-loop image memory system into their instruments. This feature, which allows frame by frame replay and examination of high quality image data, is useful for analysing complicated or rapidly changing flow pattems or when copy ofa precise flow event is required.
When conventional Doppler techniques are used, the presence of turbulent blood flow is inferred if there is "spectral broadening" in the flow signal. Since colour flow mapping is only capable ofdisplaying the mean blood velocity at any point, turbulence may not be detected by the use of spectral broadening. An alternative method, that of "variance mapping", is therefore used.2 For this technique, the spatial and temporal statistical variation in blood flow velocity and direction around every colour flow pixel is measured. If there is a high variance in the flow signals, then the blood flow at that point is assumed to be turbulent. The colour green is then added, at that point, to the other colours that would have been displayed. Variance or turbulence mapping is an option on most instruments and, when used, areas of turbulent flow are easily recognised by the presence of green. Theoretically, it is possible to quantify the amount of variance, and hence the turbulence, present in a flow jet. In the future this may have important applications including the serial monitoring of valve function.
As with conventional cross sectional imaging, artefacts in colour flow images may arise as a result of poor insonation between the transducer and the heart. In about 20% of adults interference by the lungs and ribs may cause a "noisy" colour display that detracts from the image quality and the diagnostic information. A distracting artefact that is specific to some colour flow instruments is widespread coloration of tissue areas of the image. These areas should only be displayed in grey scale because they do not contain moving blood. However, if these tissue areas (valves, myocardium) are themselves Monaghan, Mills moving, they may also generate a Doppler shift which the instrument then colour codes accordin'gly.
This artefact has been reduced in some instruments by the use of a subtraction processing algorithm that only displays colour data in non-tissue areas and also by a filtering system based upon a "moving target indicator principle".
Since colour flow mapping is essentially a pulsed Doppler system, it too is limited by the maximum flow velocity that can be detected without aliasing. In fact, the velocity at which aliasing occurs is usually considerably lower with colour flow mapping than with conventional pulsed Doppler. Aliasing causes the ambiguous display of multiple colours in the flow jet. This is often described as a mosaic appearance. In theory, the fact that aliasing occurs at relatively low blood velocities (in relation to the transducer) is a disadvantage. In practice, this phenomenon is quite useful. Aliasing is very easy to identify. The mosaic appearance draws the eye to areas of higher and possibly turbulent blood flow so that abnormalities are usually easy to detect. Figures 2 and 4 give examples of aliasing.
It is important that the instrument displays the velocity and direction of blood flow in relation to the transducer. For example, an aortic regurgitant jet may be moving slightly away from the transducer when viewed in the parasternal long axis view. It will therefore be coloured blue with some aliasing through to red, depending on the relative velocity ( fig  2) . If the same jet is viewed from an apical position it will now be moving towards the transducer with a In patients with multiple ventricular septal defects one or more of these may be missed by conventional Doppler. Because the eccentric jets of small ventricular septal defects are almost always of high velocity and turbulent, they are usually easy to find within the colour flow scan plane because they cause aliasing (mosaic pattern) and variance (green colour).4 Conventional continuous wave examination to record -the jet velocity may then be performed, guided by the colour flow map. Figure 3 shows flow through a small muscular ventricular septal defect.
The situation may be similar in patients with prosthetic valves, where regurgitant jets (valvar or 4 Parasternal long axis systolic frame of severe mitral regurgitation (MR) secondary to rheumatic valve disease. The anterior mitral valve leaflet was prolapsing behind the immobile posterior leaflet. The jet was therefore directed posteriorly along the wall of the left atrium and bounced back anteriorly (off the posterior left atrial wall anterior to the descending aorta). In the short axis plane, this same jet fanned out along the left atrial wall both medially and laterally and was approximately 3 cm wide. The close proximity of thisjet to the atrial wall and its complex shape would have been difficult to identify by conventional pulsed Doppler. Acceleration of blood within the left ventricular cavity (proximal to the regurgitant orifice) was indicated by aliasing of the colour through to yellow and red. The jet velocity within the left atrium was considerably higher and therefore caused multiple aliasing, with a mosaic of colours, as it travelled posteriorly. When the jet bounced anteriorly it had spread out, lost energy and velocity, and so aliasing was not as prominent. The jet was therefore coded mainly yellow and red as it moved back towards the transducer. See legend tofig 2for abbreviations.
Fig 5 Considerable left to right shunting through a secundum atrial septal defect (ASD) seen in a modified apicalfour chamber view. As blood entered the left atrium from the superior pulmonary veins, traversed the atrial septum (and mitral valve), and crossed the tricuspid valve from the right atrium, it was moving towards the transducer and therefore was coloured red and yellow. The size of the shunt was assessed by examining the size of the flow jet within the right heart. The demonstration of transatrial shunting was so convincing that invasive investigations were not necessary before operation. In addition, it was possible to calculate the pulmonary artery systolic pressure from a tricuspid regurgitant jet and this confirmed the absence of important pulmonary hypertension. See The spatial direction of a flow jet is almost impossible to predict accurately by imaging and conventional Doppler. However, if reliable quantitative measurements are to be made the jet direction must be known so that the Doppler beam can be oriented appropriately. There are many instances in which colour flow mapping may help to reduce the angle of incidence between the jet and the Doppler beam and therefore improve the accuracy of velocity and derived haemodynamic data. Examples include aortic stenosis, mitral stenosis, prosthetic mitral valves, ventricular septal defects, and tricuspid regurgitation. In tricuspid regurgitation the prediction of pulmonary artery systolic pressure can be improved if the continuous wave Doppler beam is aligned, with colour flow guidance along the direction of the tricuspid regurgitation."' Some instruments, which have the facility to perform continuous wave Doppler and colour flow mapping using the same transducer, allow for the angle to be corrected.4 It must be remembered, however, that flow jets are three dimensional and correction is possible in one plane only. Therefore, it is better practice to minimise any angle of incidence by adjusting the position ofthe transducer and checking the jet direction in two orthogonal imaging planes.
Despite the advantages of colour flow Doppler, some experienced echocardiographers still feel that it provides them with little additional information over and above conventional Doppler. On the other hand, many of those who now perform routine Doppler examinations have restricted experience and find colour flow mapping easier to perform and understand. Cardiologists or surgeons who are unfamiliar with conventional Doppler spectral recordings find colour flow images easier to assess and so their use may reduce the need for invasive investigation offlow abnormalities before operation. Figure 5 shows 
